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Abstract 
Sulfur-free reversible addition fragmentation transfer polymerization (SF-RAFT) in emulsion 
allows access to the synthesis of sequence-controlled methacrylic multiblock copolymers. 
Herein, we expand the scope of SF-RAFT emulsion polymerization by utilizing four different 
macrochain transfer agents (mCTA) to mediate the synthesis of diblocks and sequence-
controlled methacrylic multiblock copolymers. Poly(methyl methacrylate) (pMMA), poly(butyl 
methacrylate) (pBMA), poly(ethyl methacrylate) (pEMA) and poly(benzyl methacrylate) 
(pBzMA) of a similar Mn (~ 4,300 g mol-1) were successfully synthesized via catalytic chain 
transfer polymerization (CCTP) in emulsion. The capability of these mCTAs to act as 
macroinitiators was investigated through the synthesis of “in situ” diblock copolymers and was 
then expanded to the synthesis of deca and hexablock multiblock copolymers with varying 
degrees of polymerization (DPn=10-50 per block, Mn, total=7,000-55,000 g mol-1) yielding well-
defined copolymers with controlled molecular weights, quantitative conversions (>99%) and 
low dispersities (Ð ~ 1.2) without employing sulfur or transition metal reagents. 
 
 
Introduction 
Nature is capable of achieving a high level of sequence control in the synthesis of 
natural polymers such as DNA and proteins. In contrast, synthetic chemists are currently far 
away from replicating this precision.1 Solid-state peptide synthesis (Merrifield synthesis) 
remains a benchmark towards this target providing a reliable method for the synthesis of 
precisely controlled macromolecules.2 However, this strategy is time consuming, challenging 
to scale up and is also limited to lower molar masses and as such alternative strategies have 
also been explored. It is also noted that a distribution of masses within a polymeric material is 
often the most desirable property. Single monomer insertion,3-6 tandem monomer addition and 
modification,7, 8 kinetic control,9, 10 segregating templating,11, 12 selected reactivities,13 
sequential growth on soluble polymer supports and discrete oligomers strategies have 
successfully been developed although also suffer from related issues (e.g. limited to low 
molecular weight oligomers).14-18 
In contrast, sequence-controlled multiblock copolymers obtained through controlled 
polymerization strategies offer a scalable and faster alternative allowing access to higher 
molecular weight materials with a wide range of functionalities.1, 11, 19, 20 Whittaker and co-
workers reported the first example of one pot sequence-controlled acrylic multiblocks via 
Cu(0)-wire reversible deactivation radical polymerization (RDRP).21 The same group 
subsequently expanded the scope to include the synthesis of higher molecular weight and star 
sequence-controlled multiblock copolymers.22, 23 Subsequently, Haddleton, Junkers and co-
workers introduced sequence-controlled multiblocks mediated by a light-mediated copper 
polymerization.24-26 Finally, a novel approach exploiting the disproportionation of CuBr/Me6-
Tren in water was employed to confer control over the synthesis of acrylamide based 
multiblock copolymers.27 Aside from copper, traditional reversible addition-fragmentation 
transfer (RAFT) polymerization has been employed by Perrier and co-workers yielding an 
impressive icosablock copolymer consisting of various acrylamides.28-31 Very fast reaction 
rates could be maintained throughout the sequential monomer additions helped by the high 
propagation rate constant of acrylamides. However, all these approaches suffer from two main 
limitations. The first one is their incapability to polymerize low kp monomer families such as 
methacrylates; this monomer category exhibits much slower polymerization rates than 
acrylamides or acrylics, and is susceptible to more side reactions.32-36The second drawback 
is that the final multiblock copolymers are often contaminated by either copper or sulphur 
residues which can induce undesired odour and potential toxicity in the final materials and 
thus require time-consuming and relatively expensive purification methods or post-
polymerization modification strategies. Other limitations of these techniques include 
somewhat high dispersity values, significant side reactions when water is employed as the 
reaction medium, slow polymerization rates and non-quantitative conversions throughout the 
sequential monomer additions.37-39, 22 
Recently, our group reported the sequence-controlled methacrylic multiblock 
copolymers via a SF-RAFT emulsion polymerization strategy.40 CCTP in emulsion was initially 
employed to synthesize poly(methyl methacrylate) (PMMA) macromonomers/mCTAs bearing 
a vinyl group at the ω-terminus. This macromonomer was subsequently used as a mCTA to 
mediate the controlled polymerization of methacrylates thanks to the susceptibility of the vinyl 
ω-end group to undergo radical addition resulting in the formation of a macromonomer-ended 
polymer radical which can undergo β-scission (addition/fragmentation).41 The latter reaction 
leads to a tertiary radical generated via fragmentation of the adduct product.42 Subsequently, 
a new macromonomer/mCTA is formed through combination of the initial growing radical with 
the vinyl end group of the initial macromonomer. Importantly, the newly formed vinyl 
terminated polymer can act as a CTA following the same reaction mechanism (Supplementary 
Fig 1). Thus, the combination of CCTP and sulfur-free RAFT allowed access to the scalable 
synthesis of sequence-controlled methacrylic multiblock copolymers while maintaining very 
fast polymerization rates (~ 2-3 h per block), quantitative conversions (> 99%) and low 
dispersity values (typically Ð < 1.3) for the entire process. However, only pMMA of Mn ~ 2,000 
g mol-1 was used as the macromonomer/mCTA in this work. 
Herein, we expand the scope of SF-RAFT emulsion polymerization by synthesizing 
four different macromonomers with a terminal vinyl group, pMMA, pEMA, pBMA and pBzMA 
of comparable Mn (~ 4,000 g mol-1) via CCTP.  Their capability to act as efficient chain transfer 
agents is investigated through the synthesis of diblocks and sequence-controlled multiblock 
copolymers (Fig 1). Macromonomers of higher Mn are also be reported and compared with 
lower Mn analogues with the goal of revealing the potential and the limitations of this system. 
 
 
Figure 1. Schematic diagram showing the concept of the synthesis of sequence-controlled 
multiblock copolymers by the use of macromonomers as macro chain transfer agents (CTA). 
Catalyst type and concentration are optimized as to provide macromonomers of the desired 
Mn which subsequently serve as CTA in the free radical polymerization of methacrylic 
monomers. 
 
 
Results and Discussion 
Synthesis of macromonomers/macro chain transfer agents 
Our initial target was to obtain various macromonomers of comparable Mn in order to 
assess their capability to act as successful chain transfer agents. As previous studies focused 
on Mn ~ 2,000 g mol-1 or even lower (e.g. dimers/trimers),43 we decided to target a constant 
Mn of ~ 4,000 g mol-1 for all targeted macromonomers, namely pMMA, pEMA, pBMA and 
pBzMA. In our recent publication, sequence-controlled methacrylic multiblock copolymers 
using pMMA macromonomer (Mn ~ 2,000 g mol-1) were successfully demonstrated. In order 
to achieve such low molecular weight pMMA, high concentrations of bis[(difluoroboryl) 
dimethylglyoximato]cobalt(II) (CoBF) (104 ppm) were required.40 In agreement with our 
previous report, all macromonomers were synthesized in a double-jacketed reactor (supplied 
with a temperature detector and overhead stirrer) via CCTP emulsion polymerization. For the 
case of pMMA, lower concentration of CoBF was essential (42 ppm, Supplementary Table 1, 
entry 1, Supplementary Fig 2) in order to achieve Mn ~ 4,300 g mol-1. The presence of the ω-
end group vinyl protons was confirmed by both 1H NMR (macromonomer vinyl peaks appeared 
at 6.20 and 5.47 ppm while the corresponding monomer peaks appear at 6.10 and 5.56 ppm, 
Supplementary Fig 3) and MALDI-ToF-MS (Supplementary Fig 4, Supplementary Table 2), 
the latter showing a major polymer peak distribution identified as pMMA chains with a proton 
α-chain end, thus confirming that initiation via H-transfer from CoIII complex is the dominant 
mode of initiation, as suggested by the mechanism of CCTP (Supplementary Fig 5). Under 
otherwise identical conditions (42 ppm of CoBF) the polymerization of EMA was then 
attempted. However, a rather higher Mn was obtained (Mn ~ 7,000 g mol-1, Supplementary 
Table 3, entry 1). In order to address this, higher concentrations of catalyst were investigated. 
It was found that 65 ppm of CoBF allowed access to pEMA of Mn ~ 4,300 g mol-1 
(Supplementary Table 3, entry 2, Supplementary Fig 6-7). These differences in catalyst 
concentration required to achieve comparable molecular weights can be attributed to the 
partition coefficient (mCo), which is equal to the ratio of the catalyst concentration in the 
dispersed phase (monomer) to that in the aqueous phase (mCo = [Co]disp/[Co]aq) and differs for 
each monomer.44 The catalyst needs to be present at the loci of polymerization and thus mass 
transport of the catalyst between continuous and dispersed phase is required.45 Although 
CoBF proved to be a very efficient catalyst for the polymerization of MMA and EMA, it is 
insoluble in BMA and BzMA (in concentrations higher than 60 ppm). In order to circumvent 
this, the more hydrophobic catalyst bis[(difluoroboryl) dimethylphenylglyoximato]cobalt(II) 
(Co(MePh)BF) was used in place of CoBF (Figure 1). Under optimized conditions, pBMA and 
pBzMA macromonomers (Supplementary Tables 5 and 7, Supplementary Fig 8, 10) of Mn ~ 
4,200 g mol-1 and 4,400 g mol-1 were synthesized. For all macromonomers synthesized, 1H 
NMR analysis confirmed full monomer conversion (> 99%) and the existence of the vinyl group 
at the ω-chain end. MALDI-ToF-MS also showed very high end group fidelity for all 
macromonomers confirming the successful synthesis (Supplementary Fig 9, 11, 
Supplementary Tables 4, 6, 8). Finally, dynamic light scattering (DLS) was additionally 
employed showing that the particle size mainly depends on the nature of the polymer targeted 
rather than the final Mn. It is noted, that latexes generated upon the polymerization of BMA 
consisted of considerably smaller particles as opposed to the other three monomers studied. 
Synthesis of methacrylic diblock copolymers using PMMA, PEMA, PBMA and PBzMA 
as macromonomers/macro chain transfer agents  
After obtaining different macromonomers of comparable Mn the next step was to 
assess their capability to mediate the polymerization of methacrylates. Notably, we were able 
to proceed to the next stage without need of removing CoBF. The catalyst existed in 
concentrations of ppm (see Supporting Tables 1, 3, 5, 7) in the initial latices. However, we 
deactivate these complexes through the use of a suitable radical initiator (potassium 
persulfate) that generates oxygen centred radicals, the latter being known for poisoning 
cobaloximes.46 BMA was selected and kinetics in the presence of pMMA were initially 
conducted targeting DPn=80 ([monomer] : [CTA] = 1:80). Samples were periodically taken 
from the reaction mixture and SEC showed a gradual decrease of the dispersity from 1.55 
(dispersity of pMMA macromonomer prior to BMA addition) to Ð ~ 1.17 for the final diblock 
copolymer (Supplementary Table 9, Supplementary Fig 12). In a similar vein, pBMA 
macromonomer was also employed to polymerize BMA with the kinetics exhibiting virtually 
identical behaviour and SEC showing a clear shift to higher molecular weights and constantly 
decreasing dispersities (Supplementary Table 10, Supplementary Fig 13). It is noted that 
although macromonomers of higher Mn than in previous reports were used, the “living” 
characteristics of the system could be maintained and low dispersity diblock copolymers were 
achieved. Having demonstrated a similar kinetic behaviour for two different macromonomers, 
pEMA and pBzMA (Supplementary Table 11, Supplementary Fig 14, 15) were also employed 
targeting DPn=80. All tested macromonomers were capable to successfully mediate the 
polymerization of BMA yielding nearly identical diblock copolymers (Figure 2a) with low 
dispersity values (<1.28) and reasonable agreement between theoretical and experimental 
molar masses (Table 1). In particular, when pMMA and pEMA macromonomers were 
employed, diblock copolymers with a final dispersity of 1.23 and 1.20 respectively were 
obtained. For the case of pBMA and pBzMA slightly higher dispersities were achieved (Ð ~ 
1.27) (Table 1). To further probe the potential of the macromonomers in maintaining control 
for higher molecular weights a more challenging diblock was targeted, aiming for DPn=400 of 
BMA. Despite the higher targeted molecular weight, all macromonomers yielded well-
controlled polymers with dispersities as low as 1.17 and Mn ~ 60,000 g mol-1 (Figure 2b, 
Supplementary Table 12). Thus, it was concluded that regardless the type of the 
macromonomer used, SF-RAFT emulsion polymerization was unaffected allowing access to 
well-defined diblock copolymers. Importantly, in all cases, full monomer conversion could be 
achieved (>99%) suggesting that these macromonomers could be potentially used for more 
complex targets such as sequence-controlled multiblock copolymers. It is also worth 
mentioning that although deionized water was used for the aforementioned experiments, tap 
water appeared to be equally efficient and no compromise over the dispersity or the control 
over the polymerization was observed further highlighting the robustness of this system 
(Supplementary Table 13, Supplementary Fig. 17). 
Table 1. Synthesis and characterization data for the diblock copolymers (DPn=80) synthesized 
by the use of different CTAs 
Entry Employed CTA 
Conv.a 
(%) 
DPnb 
H-NMR 
MnbH-NMR  
(g mol-1) 
Mn,SEC 
(g mol-1) 
Ð Sizec (nm) PSD 
1 pMMA >99 84 16,200 12,800 1.23 148 0.041 
2 pEMA >99 82 16,000 12,300 1.20 157 0.044 
3 pBzMA >99 71 14,500 11,600 1.28 489 0.078 
4 pBMA >99 82 15,900 13,500 1.27 77 0.026 
[a]: Conversion was measured by diluting the polymer latex with a mixture of deuterated solvents 
(chloroform/acetone=3/2) [b]: DPn and Mn by 1H-NMR were measured by dissolving the isolated polymer in 
deuterated chloroform [c]: Polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
 
 
 
Figure 2. a) SEC traces of molecular weight distributions for the diblock macromonomers formed by 
different CTAs (DPn=80 BMA) b) SEC traces of molecular weight distributions for the diblock 
macromonomers formed by different CTAs (DPn=400 BMA) 
 
 
 
 
Synthesis of sequence-controlled methacrylic copolymers using pMMA, pEMA, pBMA 
and pBzMA as macromonomers/chain transfer agents  
The pBMA macromonomer (Mn = 4,300 g mol-1, Ð ~ 1.91) was subsequently used as 
a chain-transfer agent to facilitate the synthesis of multiblock copolymers, employing an initial 
ratio of [CTA]:[monomer]:[initiator] = 1:10:0.03 and each block was designed to be DPn=10. It 
is important to highlight that lower molecular weights were not targeted in order to limit the 
proportion of missing blocks (percentage of defective chains) in the final multiblock copolymer, 
which should be as low as possible according to Harrisson, Perrier and co-workers.47 Upon 
completion of the monomer addition (BzMA) to the reaction mixture, the reaction was allowed 
to proceed for one hour to ensure quantitative or near-quantitative conversion. Indeed, 1H 
NMR spectroscopy confirmed very high conversion (>99%, Supplementary Fig 18) while SEC 
showed a shift to higher molecular weights (Supplementary Fig 19). BMA was subsequently 
added and when full conversion was reached a third monomer 2-ethylhexyl methacrylate 
(EHMA) was then injected in the reaction mixture. This one pot sequential addition was 
repeated ten times resulting in an undecablock copolymer (including the CTA) with Mn ~ 
20,200 g mol-1 and a final dispersity of 1.29 (Supplementary Tables 14-15). Throughout all the 
monomer additions, the SEC distributions were monomodal, while 1H NMR indicated full 
monomer conversion prior to the addition of the next block. Despite multiple chain extensions 
control over the molecular weight was maintained throughout, highlighting the capacity of 
pBMA to act as a very efficient chain transfer agent under SF-RAFT emulsion polymerization. 
 
 
 
 
 Figure 3. a) SEC traces of consecutive monomer additions for the preparation of the nonablock 
copolymer (DPn=25 per block) utilizing pEMA macromonomer as CTA b) 1H-NMR spectra for 
consecutive cycles during synthesis of the nonablock copolymer (values to the right indicate the 
number of sequential monomer additions carried out prior to collection of the spectrum) 
Upon using pEMA (Mn=4,300 g mol-1, Ð ~ 1.9) as the macromonomer, a higher 
targeted DPn was attempted (DPn=25 per block). Following addition of the first monomer, a 
significant decrease in the dispersity was observed (Ð ~ 1.24) and the polymerization reached 
very high monomers conversions (>99%, Fig 3b) in less than two hours. After this time period, 
a second monomer was added resulting in a further reduction on the dispersity (Ð ~ 1.20). 
The sequential inclusion of various monomers finally yielded a nonablock copolymer (including 
the CTA) with a dispersity as low as 1.19 and a final Mn ~ 28,200 g mol-1 (Fig 3a, 
Supplementary Tables 16-17). SEC confirmed complete shifts to higher molecular weights 
throughout the monomer additions with the dispersity values being kept < 1.2 for the vast 
majority of the monomer additions which is a remarkable achievement for such a complex 
multiblock structure. 
Finally, pBzMA was selected as the macromonomer (Mn=4,400 g mol-1, Ð ~ 1.78). As 
high molecular weight multiblock copolymers could be of a potential interest for a wide range 
of applications, including self-assembly in bulk and in solution, the technique was pushed to 
reach its limits by targeting DPn=50 per block. Remarkably, and despite the increased size of 
block, a well-defined octablock copolymer (or nonablock including the CTA) could be obtained 
achieving Mn ~ 30,000 g mol-1 and a dispersity of 1.28 for the final multiblock copolymer 
(Supplementary Tables 14-15, Supplementary Fig 20-21). From this data, it is apparent that 
pBzMA can successfully mediate the synthesis of well-controlled multiblock copolymers.  
Limitations of sulfur-free RAFT emulsion polymerization  
We were also interested in exploring the limitations of this system. In our original 
publication, pMMA of Mn ~2000 g mol-1 was employed and the dispersity was as low as ~1.12 
after 4 monomer additions.40 In this work, we employed pMMA of higher Mn as CTA and as 
such a pMMA of Mn of 11,700 g mol-1 was synthesized (Supplementary Table 20). However, 
upon three monomer additions, a broad bimodal polymer peak distribution was observed by 
SEC with the final dispersity being ~2.4, which is an indication of an uncontrolled process 
(Supplementary Table 21, Supplementary Fig 22). Thus, pMMA of this Mn is not recommended 
to be used as a CTA to facilitate the synthesis of multiblock copolymers. In order to further 
confirm this limitation, two pBMA macromonomers were also compared. In the previous 
section, pBMA of Mn ~ 4,300 g mol-1 was successfully synthesized and subsequently used as 
CTA for the undecablock copolymer mentioned above. After four monomer additions the 
dispersity of the pentablock copolymer was ~ 1.30 (Supplementary Table 15). However, when 
a pBMA of a higher Mn (~ 7,200 g mol-1) was employed instead, after the same number of 
additions a broader molecular weight distribution was observed (Ð ~ 1.45, Supplementary Fig 
23, Supplementary Tables 22-23). Therefore, it is apparent that upon gradually increasing the 
molecular weight of the CTA, a compromise of control over the molecular distribution takes 
place as the number of chains with vinyl ω-end group is reduced as a result of conventional 
free radical termination events. Apart from MMA, EMA, BzMA and BMA, different types of 
monomers were considered. Extremely hydrophobic monomers such as lauryl methacrylate 
(LMA) or isobutyl methacrylate (iBMA) are known for not being able to be successfully applied 
in emulsion polymerization.48 Nevertheless, the polymerization of iBMA (DPn=80) in the 
presence of a pMMA CTA produced a diblock copolymer with a dispersity higher than that 
obtained when BMA was polymerized (1.26>1.23, Supplementary Tables 24, Supplementary 
Fig 24). However, by SEC analysis, a shoulder towards lower molecular weight is evidenced. 
Moreover, polymerization of 2,2,2-trifluoroethyl methacrylate (TFEMA) was attempted. 
Similarly to iBMA, SEC analysis suggests that TFEMA did polymerize (Supplementary Fig 25) 
however, the obtained value for Mn was considerably lower than the theoretical (12,300 g mol-
1 compared to 17,200 g mol-1). Moreover, high dispersity (1.37) indicates that such monomers 
represent the limits of hydrophobicity for our current conditions (Supplementary Table 25). 
Notably, in this case, THF SEC had to be employed instead of CHCl3 SEC as the similar 
refractive index (RI) of the formed polymer to the solvent did not allow reliable characterization. 
Although this appears to be the current limitation of this approach, studies within the group 
are currently conducted aiming to allow access to the synthesis of a broader range of 
materials. However, this will be the subject of a forthcoming publication. 
 
 
Conclusions 
In summary, the scope of sequence-controlled methacrylic multiblock copolymers via 
SF-RAFT was expanded to include a range of chain transfer agents including pMMA, pEMA, 
pBMA and pBzMA. The synthesis of the macromonomers was successful by either changing 
the catalyst type and/or optimizing the catalyst concentration. Subsequently all 
macromonomers were shown to efficiently catalyze the synthesis of sequence-controlled 
methacrylic multiblock copolymers consisting of both lower and higher targeted degrees of 
polymerization per block. Importantly, all multiblocks were synthesized in one pot via 
sequential monomer additions achieving very high monomer conversions and narrow molar 
mass distributions. In addition, both lower and higher Mn macromonomers were employed for 
the synthesis of complex multiblocks with the lower Mn ones achieving much higher efficiency 
thus highlighting the potential and the limitations of this system. 
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 Supplementary Figure 1. Complete mechanism of SF-RAFT in emulsion. a) Initial 
macromonomer formation via CCTP in emulsion b) Compartmentalization effect during the 
formation of primary radicals c) Controlled chain extension in the polymer particles d) 
Sequential chain extensions via SF-RAFT  
 
Supplementary Table 1. Synthesis and characterization data for the pMMA macromonomers 
synthesized in this study. 
Entry 
Mass of 
catalysta 
(mg) 
[catalyst] 
(ppm) 
Conv.b 
(%) 
Mnc 
1
H-NMR 
Mn, 
SEC 
Ð 
CHCl3 
SEC 
S.C. 
(g/mL) 
% wt 
solids 
Sized 
(nm) 
PSD 
1 14.2 197 100 900 1,100 1.44 0.102 8.91 - - 
2 7.2 100 >99 1,700 1,900 1.53 0.126 11.01 148 0.065 
3 4.7 65 >99 2,900 3,600 1.48 0.156 13.08 177 0.048 
4 2.7 38 >99 4,500 5,500 1.54 0.152 13.27 135 0.055 
5 3 42 >99 4,300 5,200 1.52 0.131 11.44 108 0.050 
[a]: CoBF was employed as catalyst 
[b]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[c]: Mn by 1H-NMR was measured by dissolving the isolated polymer in deuterated 
chloroform 
[d]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 2. SEC chromatograms of the pMMA macromonomers synthesized 
by various amounts of CoBF. 
 
 
 
 Supplementary Figure 3. 1H-NMR spectrum of the pMMA macromonomer synthesized via 
CCTP in emulsion and the MMA macromonomer. 
 
 
Supplementary Figure 4. a) MALDI-ToF MS spectrum of the pMMA macromonomer 
synthesized via CCTP in emulsion b) Expanded MALDI-ToF MS spectrum of the pMMA 
macromonomer. 
Supplementary Table 2. MALDI-ToF data for the pMMA macromonomers synthesized in this 
study. 
Entry DPn Formula Expected molecular weight Actual Molecular Weight 
1 7 (C5H8O2)7[Na+] 723.4 723.5 
2 8 (C5H8O2)8[Na+] 823.4 823.5 
3 9 (C5H8O2)9[Na+] 923.5 923.6 
4 10 (C5H8O2)10[Na+] 1023.5 1023.6 
5 11 (C5H8O2)11[Na+] 1123.6 1123.7 
6 12 (C5H8O2)12[Na+] 1223.6 1223.7 
7 13 (C5H8O2)13[Na+] 1323.7 1323.8 
8 14 (C5H8O2)14[Na+] 1423.7 1423.9 
9 15 (C5H8O2)15[Na+] 1523.8 1523.9 
10 16 (C5H8O2)16[Na+] 1623.8 1624.1 
11 17 (C5H8O2)17[Na+] 1723.9 1724.7 
12 18 (C5H8O2)18[Na+] 1823.9 1824.3 
13 19 (C5H8O2)19[Na+] 1924.0 1924.5 
14 20 (C5H8O2)20[Na+] 2024.0 2024.6 
 
 
 
Supplementary Figure 5. Mechanism for CCTP.1 
 
 
 
Supplementary Table 3. Synthesis and characterization data for the pEMA macromonomers 
synthesized in this study. 
Entry 
Mass of 
catalysta 
(mg) 
[catalyst] 
(ppm) 
Conv.b 
(%) 
Mnc 
1
H-NMR 
Mn, 
SEC 
Ð 
CHCl3 
SEC 
S.C. 
(g/mL) 
% wt 
solids 
Sized 
(nm) 
PSD 
1 2.6 42 99 7,000 12,200 1.92 0.135 11.85 125 0.064 
2 4.0 65 99 4,300 5,000 1.57 0.119 10.45 111 0.086 
3 4.4 71 >99 4,200 4,300 1.63 0.128 11.25 141 0.068 
4 4.5 73 >99 3,800 2,900 1.97 0.130 11.40 126 0.071 
[a]: CoBF was employed as catalyst 
[b]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[c]: Mn by 1H-NMR was measured by dissolving the isolated polymer in deuterated 
chloroform 
[d]: polymer particle size expressed as hydrodynamic diameter, measured by DLS 
 
 
Supplementary Figure 6. a) MALDI-ToF MS spectrum of the pEMA macromonomer 
synthesized via CCTP in emulsion b) Expanded MALDI-ToF MS spectrum of the pEMA 
macromonomer. 
 
 
 
 Supplementary Table 4. MALDI-ToF data for the pEMA macromonomers synthesized in this 
study. 
Entry DPn Formula Expected molecular weight Actual Molecular Weight 
1 6 (C6H10O2)6[Na+] 707.4 707.4 
2 7 (C6H10O2)7[Na+] 821.5 821.5 
3 8 (C6H10O2)8[Na+] 935.5 935.6 
4 9 (C6H10O2)9[Na+] 1049.6 1049.6 
5 10 (C6H10O2)10[Na+] 1163.7 1163.7 
6 11 (C6H10O2)11[Na+] 1277.7 1277.8 
7 12 (C6H10O2)12[Na+] 1391.8 1391.8 
8 13 (C6H10O2)13[Na+] 1505.9 1505.9 
9 14 (C6H10O2)14[Na+] 1619.9 1620.0 
10 15 (C6H10O2)15[Na+] 1734.0 1734.2 
11 16 (C6H10O2)16[Na+] 1848.1 1848.2 
12 17 (C6H10O2)17[Na+] 1962.1 1962.3 
13 18 (C6H10O2)18[Na+] 2076.2 2076.4 
14 19 (C6H10O2)19[Na+] 2190.3 2190.5 
15 20 (C6H10O2)20[Na+] 2304.3 2304.6 
16 21 (C6H10O2)21[Na+] 2418.4 2418.8 
17 22 (C6H10O2)22[Na+] 2532.5 2532.9 
18 23 (C6H10O2)23[Na+] 2646.5 2647.0 
19 24 (C6H10O2)24[Na+] 2760.6 2761.2 
20 25 (C6H10O2)25[Na+] 2874.7 2875.3 
 
 
 
 
 
 
 
 
  
 
Supplementary Figure 7. SEC chromatograms of the pEMA macromonomers synthesized 
by various amounts of CoBF. 
 
Supplementary Table 5. Synthesis and characterization data for the pBMA macromonomers 
synthesized in this study. 
Entry 
Mass of 
catalysta 
(mg) 
[catalyst] 
(ppm) 
Conv.b 
(%) 
Mnc 
1
H-NMR 
Mn, 
SEC 
Ð 
SEC 
S.C. 
(g/mL) 
% wt 
solids 
Sized 
(nm) 
PSD 
1 2.9 60 98 12,400 12,300 1.79 0.126 11.95 159 0.037 
2 5.2 60 >99 27,500 27,100 1.76 0.132 12.03 58 0.075 
3 8.7 100 >99 15,900 18,500 1.68 0.129 11.98 56 0.027 
4 12.1 140 99 10,600 13,300 1.68 0.136 12.07 53 0.061 
5 15.6 180 >99 9,400 11,600 1.65 0.129 11.96 54 0.078 
6 20.8 240 99 7,600 9,700 1.68 0.133 12.01 54 0.046 
7 22.5 260 99 7,200 8,500 1.81 0.138 12.10 52 0.070 
8 27.7 320 >99 5,100 7,100 1.64 0.135 11.82 50 0.042 
9 29.5 340 >99 4,200 8,500 1.42 0.122 12.23 52 0.040 
[a]: Co(MePh)BF was employed as catalyst 
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[b]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[c]: Mn by 1H-NMR was measured by dissolving the isolated polymer in deuterated 
chloroform 
[d]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 8. SEC chromatograms of the pBMA macromonomers synthesized 
by various amounts of Co(MePh)BF. 
 
Supplementary Table 6. MALDI-ToF data for the pBMA macromonomers synthesized in this 
study. 
Entry DPn Formula Expected molecular weight Actual Molecular Weight 
1 5 (C8H12O2)5[Na+] 733.5 733.5 
2 6 (C8H12O2)6[Na+] 875.6 875.6 
3 7 (C8H12O2)7[Na+] 1017.7 1017.7 
4 8 (C8H12O2)8[Na+] 1159.8 1159.8 
5 9 (C8H12O2)9[Na+] 1301.9 1301.9 
6 10 (C8H12O2)10[Na+] 1444.0 1443.9 
7 11 (C8H12O2)11[Na+] 1586.1 1586.1 
8 12 (C8H12O2)12[Na+] 1728.2 1728.2 
9 13 (C8H12O2)13[Na+] 1870.3 1870.4 
10 14 (C8H12O2)14[Na+] 2012.4 2012.6 
11 15 (C8H12O2)15[Na+] 2154.5 2154.9 
12 16 (C8H12O2)16[Na+] 2296.6 2297.2 
13 17 (C8H12O2)17[Na+] 2438.7 2439.5 
14 18 (C8H12O2)18[Na+] 2580.8 2581.9 
15 19 (C8H12O2)19[Na+] 2722.9 2724.4 
16 20 (C8H12O2)20[Na+] 2865.0 2866.8 
 
 
 
Supplementary Figure 9. a) MALDI-ToF MS spectrum of the pBMA macromonomer 
synthesized via CCTP in emulsion b) Expanded MALDI-ToF MS spectrum of the pBMA 
macromonomer. 
 
Supplementary Table 7. Synthesis and characterization data for the pBzMA macromonomer 
synthesized in this study. 
Entry 
Mass of 
catalysta 
(mg) 
[catalyst] 
(ppm) 
Conv.b 
(%) 
Mnc 
1
H-NMR 
Mn, 
SEC 
Ð 
CHCl3 
SEC 
S.C. 
(g/mL) 
% wt 
solids 
Sized 
(nm) 
PSD 
1 5.3 65 99 98,300 131,600 4.4 0.158 13.63 209 0.018 
2 15.8 195 >99 96,400 94,200 3.7 0.154 13.26 199 0.011 
3 19.5 240 >99 26,300 22,200 1.91 0.157 13.44 190 0.014 
4 24.4 300 >99 10,900 8,000 1.85 0.153 13.19 162 0.015 
5 32.5 400 >99 4,400 3,400 1.78 0.163 14.04 161 0.025 
[a]: Co(MePh)BF was employed as catalyst 
[b]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[c]: Mn by 1H-NMR was measured by dissolving the isolated polymer in deuterated 
chloroform 
[d]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 10. SEC chromatogram of the pBzMA macromonomers synthesized 
by various amounts of Co(MePh)BF. 
 
Supplementary Table 8. MALDI-ToF data for the pBzMA macromonomers synthesized in 
this study. 
Entry DPn Formula Expected molecular weight Actual Molecular Weight 
1 4 (C11H12O2)4[Na+] 727.3 727.4 
2 5 (C11H12O2)5[Na+] 903.4 903.5 
3 6 (C11H12O2)6[Na+] 1079.5 1079.6 
4 7 (C11H12O2)7[Na+] 1255.6 1255.6 
5 8 (C11H12O2)8[Na+] 1431.7 1431.7 
6 9 (C11H12O2)9[Na+] 1607.7 1607.8 
7 10 (C11H12O2)10[Na+] 1783.8 1783.9 
8 11 (C11H12O2)11[Na+] 1959.9 1959.1 
9 12 (C11H12O2)12[Na+] 2136.0 2135.3 
10 13 (C11H12O2)13[Na+] 2312.1 2313.4 
11 14 (C11H12O2)14[Na+] 2488.2 2489.7 
12 15 (C11H12O2)15[Na+] 2664.2 2665.9 
13 16 (C11H12O2)16[Na+] 2840.3 2841.9 
14 17 (C11H12O2)17[Na+] 3016.4 3018.3 
15 18 (C11H12O2)18[Na+] 3192.5 3194.8 
16 19 (C11H12O2)19[Na+] 3368.6 3370.9 
 
 
 
Supplementary Figure 11. a) MALDI-ToF MS spectrum of the pBzMA macromonomer 
synthesized via CCTP in emulsion b) Expanded MALDI-ToF MS spectrum of the pBzMA 
macromonomer. 
 
Supplementary Table 9. Data for the free radical polymerization of BMA in emulsion in the 
presence of pMMA macromonomer. 
BMA added 
(eq) 
Mn, Th 
Mnc 
1
H-NMR 
DPn 
1H-NMR 
Mn,CHCl3 
SEC 
Ð 
CHCl3 
SEC 
Sized 
(nm) 
PSD 
- 3,800 3,800 - 4,500 1.55 113 0.063 
16 6,100 4,800 7 5,200 1.49 124 0.050 
32 8,400 7,000 22 7,600 1.30 136 0.044 
48 10,600 9,400 39 9,100 1.23 146 0.018 
64 12,900 11,200 52 11,000 1.20 154 0.020 
80 15,200 15,100 80 13,000 1.17 163 0.043 
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Supplementary Figure 12. SEC chromatograms of the samples taken during the free radical 
polymerization of  BMA in the presence of pMMA macromonomer. 
 
Supplementary Table 10. Data for the free radical polymerization of BMA in emulsion in the 
presence of pBMA macromonomer. 
BMA added 
(eq) 
Mn, Th 
Mna 
1
H-NMR 
DPn 
1H-NMR 
Mn,CHCl3 
SEC 
Ð 
CHCl3 
SEC 
Sizeb 
(nm) 
PSD 
- 5,100 5,100 36 6,400 1.65 52 0.040 
16 7,400 5,800 41 7,000 1.61 53 0.035 
32 9,700 7,200 51 8,500 1.44 59 0.130 
48 11,900 9,200 65 10,100 1.30 62 0.051 
64 14,200 11,400 80 11,500 1.29 66 0.040 
80 16,500 17,400 122 14,600 1.25 74 0.055 
[a]: DPn and Mn by 1H-NMR were measured by dissolving the isolated polymer in deuterated 
chloroform 
[b]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 13. SEC chromatograms of the samples taken during the free radical 
polymerization of  BMA in the presence of pBMA macromonomer. 
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Supplementary Figure 14. SEC chromatograms of the pEMA macromonomer and the 
derived diblock copolymer p(EMAn-b-BMA80). 
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Supplementary Figure 15. SEC chromatograms of the pBzMA macromonomer and the 
derived diblock copolymer p(BzMAn-b-BMA80). 
 
Supplementary Table 11. Synthetic data for the macromonomers synthesized via CCTP in 
emulsion and subsequently employed as CTAs in free radical polymerization of BMA  
(DPn=80) in emulsion. 
Entry Monomer Catalyst 
Mass of 
catalyst 
(mg) 
[catalyst] 
(ppm) 
Conv.a 
(%) 
Mnb 
1
H-NMR 
Mn, 
SEC 
Ð 
SEC 
Sizec 
(nm) 
PSD 
1 MMA CoBF 3 42 >99 4,300 5,200 1.52 108 0.050 
2 EMA CoBF 4.0 65 99 4,300 5,000 1.57 111 0.086 
3 BzMA Co(MePh)BF 32.5 400 >99 4,400 3,400 1.78 161 0.025 
4 BMA Co(MePh)BF 29.5 340 >99 4,200 8,500 1.42 52 0.040 
[a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: DPn and Mn by 1H-NMR were measured by dissolving the isolated polymer in deuterated 
chloroform 
[c]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
 
 
 
  
Supplementary Table 12. Data for the free radical polymerization of BMA in emulsion in the 
presence of pMMA, pEMA, pBzMA and pBMA macromonomer (DPn=400). 
Entry 
Employed 
CTA 
Conv.a 
(%) 
DPnb 
1
H-NMR 
Mnb 
1
H-NMR 
Mn, 
SEC 
Ð 
SEC 
S.C. 
(g/mL) 
% wt 
solids 
Sizec 
(nm) 
PSD 
1 pMMA 99 428 65,200 37,100 1.26 0.223 18.24 197 0.044 
2 pEMA >99 394 60,300 39,900 1.27 0.227 18.48 221 0.083 
3 pBzMA >99 424 64,700 38,100 1.17 0.219 17.99 856 0.109 
4 pBMA 99 384 58,800 42,800 1.2 0.227 18.48 144 0.157 
[a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: DPn and Mn by 1H-NMR were measured by dissolving the isolated polymer in deuterated 
chloroform 
[c]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 16. SEC chromatograms of the polymerizations of BMA (DPn=400) in 
the presence of different methacrylic macromonomers. 
 
Supplementary Table 13. Characterization data for the free radical polymerization of BMA in 
the presence of pMMA macromonomer (DPn=80) in emulsion using tap water. 
Entry 
Employed 
CTA 
Conv.a 
(%) 
Mnb 
1
H-NMR 
Mn, 
SEC 
Ð 
SEC 
S.C. 
(g/mL) 
% wt 
solids 
Sizec 
(nm) 
PSD 
1 CoBF >99 1,400 1,800 1.44 0.144 11.62 178 0.008 
2 pMMA >99 13,800 12,200 1.1 0.220 18.05 380 0.016 
[a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: Mn by 1H-NMR were measured by dissolving the isolated polymer in deuterated 
chloroform 
[c]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 17. SEC chromatograms of the pMMA macromonomer and the 
corresponding p(MMAn-b-BMA80) diblock prepared in emulsion using tap water. 
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Supplementary Figure 18. 1H NMR spectra for consecutive cycles during synthesis of the 
undecablock copolymer utilizing pBMA macromonomer as CTA. 
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Supplementary Figure 19. SEC traces of consecutive monomer additions for the preparation 
of the undecablock copolymer utilizing pBMA macromonomer as CTA. 
 
Supplementary Table 14. Experimental conditions used for the preparation of the 
undecablock copolymer in emulsion at 85 °C with potassium persulfate as initiator, utilizing 
pBMA macromonomer as CTA. 
Entry Cycle Monomer 
DP 
targeted 
M 
monomer 
added (g) 
MCTA 
added (g) 
mKPS 
added 
(mg) 
VH2O 
added 
(mL) 
Vtotal 
(mL)[a] 
S.C. 
(g/mL) 
% wt 
solids 
1 2 BzMA 10 1.884 4.62 9.055 1.811 112.691 0.058 5.46 
2 3 EHMA 10 2.039 6.347 11.52 2.304 112.295 0.075 6.95 
3 4 BMA 10 1.402 8.184 7.84 1.568 111.163 0.086 7.94 
4 5 BzMA 10 1.770 9.354 8.51 1.702 110.165 0.101 9.17 
5 6b EHMA 10 0.851 4.75 4.8 0.961 114.961 0.049 4.65 
6 7 BMA 10 0.585 5.469 3.27 0.654 112.915 0.054 5.09 
7 8 BzMA 10 0.738 5.908 3.545 0.709 110.924 0.060 5.65 
8 9 EHMA 10 0.795 6.484 4.49 0.898 109.122 0.067 6.25 
9 10 BMA 10 0.546 7.098 3.055 0.611 107.033 0.071 6.67 
10 11 BzMA 10 0.688 7.452 3.305 0.661 104.994 0.078 7.19 
[a]: after the end of each cycle, a sample of 2.7 mL was taken. The amount of CTA removed 
from the system was taken into account for the calculations of the next cycle 
[b]: 50 mL of the latex of cycle 5 were diluted to 4 % wt of solids by adding 64.0 mL of H20 
 
Supplementary Table 15. Characterization data for the synthesis of the undecablock 
copolymer in emulsion at 85 °C with potassium persulfate as initiator, utilizing pBMA 
macromonomer as CTA. 
Entry Cycle 
Conv.a 
(%) 
Mn,th 
(g/mol) 
Mn,SEC 
(g/mol) 
ÐSEC 
Sizeb 
(nm) 
PSD 
1 CTA 99 4,300 4,300 1.91 55 0.046 
2 1 >99 6,100 5,900 1.52 60 0.045 
3 2 99 8,100 7,900 1.41 66 0.018 
4 3 >99 9,500 9,100 1.33 71 0.025 
5 4 >99 11,300 11,000 1.30 74 0.015 
6 5 >99 13,300 13,000 1.27 77 0.033 
7 6 99 14,700 14,100 1.24 81 0.004 
8 7 >99 16,500 16,000 1.26 84 0.031 
9 8 >99 18,500 17,600 1.25 92 0.082 
10 9 99 19,900 18,900 1.25 96 0.024 
11 10 99 21,700 20,500 1.29 99 0.023 
[a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
 
Supplementary Table 16. Experimental conditions used for the preparation of the nonablock 
copolymer in emulsion at 85 °C with potassium persulfate as initiator, utilizing pEMA 
macromonomer as CTA. 
Entry Cycle Monomer 
DP 
targeted 
M 
monomer 
added (g) 
MCTA 
added (g) 
mKPS 
added 
(mg) 
VH2O 
added 
(mL) 
Vtotal 
(mL)[a] 
S.C. 
(g/mL) 
% wt 
solids 
1 2 EHMA 25 6.263 5.2 35.39 7.077 88.544 0.129 11.46 
2 3 BMA 25 4.145 10.728 23.18 4.636 87.480 0.170 14.53 
3 4 BzMA 25 4.984 13.904 23.96 4.792 86.572 0.218 17.91 
4 5 EHMA 25 5.190 17.645 29.32 5.864 86.736 0.263 20.84 
5 6b BMA 25 2.654 16.575 14.85 2.969 262.644 0.073 6.82 
6 7 BzMA 25 3.346 18.813 16.09 3.217 260.161 0.085 7.85 
7 8 EHMA 25 3.631 21.675 20.52 4.103 258.564 0.098 8.91 
8 9 BMA 25 2.499 24.747 13.98 2.795 255.659 0.107 9.63 
[a]: after the end of each cycle, a sample of 5.7 mL was taken. The amount of CTA removed 
from the system was taken into account for the calculations of the next cycle 
[b]: 75 mL of the latex of cycle 5 were diluted to 6 % wt of solids by adding 184.675 mL of 
H20 
 
 
Supplementary Table 17. Characterization data for the synthesis of the nonablock copolymer 
in emulsion at 85 °C with potassium persulfate as initiator, utilizing pEMA macromonomer as 
CTA. 
Entry Cycle 
Conv.a 
(%) 
Mn,th 
(g/mol) 
Mn,SEC 
(g/mol) 
ÐSEC 
Sizeb 
(nm) 
PSD 
1 CTA >99 3,800 2,900 1.97 126 0.071 
2 1 >99 8,800 8,000 1.24 165 0.074 
3 2 99 12,400 13,100 1.20 174 0.062 
4 3 >99 16,800 14,300 1.19 182 0.075 
5 4 >99 22,800 17,800 1.18 188 0.068 
6 5 99 25,400 19,700 1.17 193 0.068 
7 6 >99 29,800 22,800 1.18 198 0.057 
8 7 >99 34,800 25,400 1.18 202 0.089 
9 8 >99 38,400 28,200 1.19 206 0.059 
[a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 20. 1H NMR spectra for consecutive cycles during synthesis of the 
nonablock copolymer utilizing pBzMA macromonomer as CTA. 
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Supplementary Figure 21. SEC traces of consecutive monomer additions for the preparation 
of the nonablock copolymer utilizing pBzMA macromonomer as CTA. 
 
Supplementary Table 18. Experimental conditions used for the preparation of the nonablock 
copolymer in emulsion at 85 °C with potassium persulfate as initiator, utilizing pBzMA 
macromonomer as CTA. 
Entry Cycle Monomer 
DP 
targeted 
M 
monomer 
added (g) 
MCTA 
added (g) 
mKPS 
added 
(mg) 
VH2O 
added 
(mL) 
Vtotal 
(mL)[a] 
S.C. 
(g/mL) 
% wt 
solids 
1 2 BMA 50 5.591 3.46 31.27 6.254 118.127 0.077 7.12 
2 3 BzMA 50 6.873 8.612 34.04 6.808 119.035 0.130 11.51 
3 4 EHMA 50 7.348 14.744 41.52 8.303 121.638 0.182 15.37 
4 5b BMA 50 1.488 6.32 8.32 1.664 100.677 0.078 7.20 
5 6 BzMA 50 1.869 7.597 8.98 1.797 99.774 0.095 8.67 
6 7 EHMA 50 2.021 9.210 11.42 2.284 99.358 0.113 10.16 
7 8c BMA 50 0.554 4.36 3.1 0.620 102.56 0.047 4.46 
8 9 BzMA 50 0.696 4.787 3.34 0.669 103.229 0.053 5.04 
[a]: after the end of each cycle, a sample of 5.7 mL was taken. The amount of CTA removed 
from the system was taken into account for the calculations of the next cycle 
[b]: 40 mL of the latex of cycle 4 were diluted to 6 % wt of solids by adding 59.013 mL of H20 
[c]: 40 mL of the latex of cycle 7 were diluted to 4 % wt of solids by adding 64.640 mL of H20 
 
 
Supplementary Table 19. Characterization data for the synthesis of the nonablock copolymer 
in emulsion at 85 °C with potassium persulfate as initiator, utilizing pBzMA macromonomer as 
CTA. 
Entry Cycle 
Conv.a 
(%) 
Mn,th 
(g/mol) 
Mn,SEC 
(g/mol) 
ÐSEC 
Sizeb 
(nm) 
PSD 
1 CTA >99 4,400 3,400 1.78 161 0.025 
2 1 >99 11,500 8,600 1.38 179 0.054 
3 2 99 20,300 14,700 1.29 187 0.045 
4 3 >99 30,200 19,400 1.26 197 0.057 
5 4 99 37,300 22,300 1.27 204 0.044 
6 5 99 46,100 26,900 1.29 206 0.063 
7 6 99 56,000 29,800 1.28 214 0.051 
8 7 >99 63,100 35,100 1.29 221 0.067 
9 8 >99 71,900 42,100 1.34 229 0.045 
[a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 22. SEC traces of consecutive monomer additions for the preparation 
of the tetrablock copolymer utilizing high Mn pMMA macromonomer as CTA. 
 
 
Supplementary Table 20. Experimental conditions used for the preparation of the tetrablock 
copolymer in emulsion at 85 °C with potassium persulfate as initiator, utilizing high Mn pMMA 
macromonomer as CTA. 
Entry Cycle Monomer 
DP 
targeted 
M 
monomer 
added (g) 
MCTA 
added (g) 
mKPS 
added 
(mg) 
VH2O 
added 
(mL) 
Vtotal 
(mL)[a] 
S.C. 
(g/mL) 
% wt 
solids 
1 2 BMA 10 0.638 5.25 3.57 0.714 97.764 0.059 5.54 
2 3 BzMA 10 0.803 5.729 3.86 0.772 98.536 0.066 6.22 
3 4 EHMA 10 0.863 6.354 4.88 0.976 96.812 0.075 6.94 
[a]: after the end of each cycle, a sample of 2.7 mL was taken. The amount of CTA removed 
from the system was taken into account for the calculations of the next cycle 
 
Supplementary Table 21. Characterization data for the synthesis of the tetrablock copolymer 
in emulsion at 85 °C with potassium persulfate as initiator, utilizing high Mn pMMA 
macromonomer as CTA. 
Entry Cycle 
Mn,th 
(g/mol) 
Mn,SEC 
(g/mol) 
ÐSEC 
1 CTA 11,700 12,800 3.03 
2 1 13,100 12,700 2.86 
3 2 14,900 12,600 2.55 
4 3 16,900 13,000 2.42 
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Supplementary Figure 23. SEC traces of consecutive monomer additions for the preparation 
of the pentablock copolymer utilizing high Mn pBMA macromonomer as CTA. 
Supplementary Table 22. Experimental conditions used for the preparation of the pentablock 
copolymer in emulsion at 85 °C with potassium persulfate as initiator, utilizing pBMA 
macromonomer as CTA. 
Entry Cycle Monomer 
DP 
targeted 
M 
monomer 
added (g) 
MCTA 
added (g) 
mKPS 
added 
(mg) 
VH2O 
added 
(mL) 
Vtotal 
(mL)[a] 
S.C. 
(g/mL) 
% wt 
solids 
1 2 BzMA 10 3.561 13.97 17.12 3.424 129.154 0.136 11.95 
2 3 EHMA 10 3.859 17.164 21.8 4.360 130.814 0.161 13.85 
3 4 BMA 10 2.661 20.588 14.89 2.977 131.091 0.177 15.06 
4 5b BzMA 10 2.752 18.59 13.23 2.646 169.956 0.126 11.16 
[a]: after the end of each cycle, a sample of 2.7 mL was taken. The amount of CTA removed 
from the system was taken into account for the calculations of the next cycle 
[b]: 110 mL of the latex of cycle 4 were diluted to 10 % wt of solids by adding 57.31 mL of 
H20 
 
Supplementary Table 23. Characterization data for the synthesis of the pentablock 
copolymer in emulsion at 85 °C with potassium persulfate as initiator, utilizing pBMA 
macromonomer as CTA. 
Entry Cycle 
Conv.a 
(%) 
Mn,th 
(g/mol) 
Mn,SEC 
(g/mol) 
ÐSEC 
Sizeb 
(nm) 
PSD 
1 CTA 99 7,200 8,500 1.81 52 0.070 
2 1 >99 9,000 8,000 1.73 56.2 0.039 
3 2 99 11,000 10,100 1.63 60.3 0.067 
4 3 >99 12,400 10,400 1.49 62.4 0.059 
5 4 >99 14,200 11,500 1.45 64.6 0.051 
[a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 24. SEC traces of the pMMA macromonomer and the corresponding 
p(MMAn-b-iBMA80) diblock prepared in emulsion. 
 
Supplementary Table 24. Characterization data for the free radical polymerization of iBMA 
in the presence of pMMA macromonomer (DPn=80) in emulsion. 
Entry 
Employed 
CTA 
Conv.a 
(%) 
Mnb 
1
H-NMR 
Mn, 
SEC 
Ð 
SEC 
S.C. 
(g/mL) 
% wt 
solids 
Sizec 
(nm) 
PSD 
1 CoBF >99 4,500 5,800 1.54 0.144 12.85 138 0.041 
2 pMMA >99 16,000 16,000 1.26 0.191 16.0 182 0.040 
 [a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: Mn by 1H-NMR were measured by dissolving the isolated polymer in deuterated 
chloroform 
[c]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
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Supplementary Figure 25. THF SEC traces of the pMMA macromonomer and the 
corresponding p(MMAn-b-TFEMA80) diblock prepared in emulsion. 
 
Supplementary Table 25. Data for the free radical polymerization of TFEMA in the presence 
of pMMA macromonomer (DPn=80) in emulsion. 
Entry 
Employed 
CTA 
Conv.a 
(%) 
Mnb 
1
H-NMR 
Mn, 
SEC 
Ð 
SEC 
S.C. 
(g/mL) 
% wt 
solids 
Sizec 
(nm) 
PSD 
1 CoBF >99 3,800 4,600 1.53 0.115 11.12 107 0.049 
2 pMMA >99 19,200 12,300 1.37 0.194 18.06 149 0.078 
[a]: conversion was measured by diluting the polymer latex with a mixture of deuterated 
solvents (chloroform/deuterated acetone=3/2) 
[b]: Mn by 1H-NMR were measured by dissolving the isolated polymer in deuterated 
chloroform 
[c]: polymer particle size, expressed as hydrodynamic diameter, measured by DLS 
 
Materials and Methods 
Materials. Bis[(difluoroboryl) dimethylglyoximato]cobalt(II) (CoBF) was previously 
synthesized in the Haddleton Group as described in literature.2 Methyl methacrylate (Aldrich, 
99%), ethyl methacrylate (Aldrich, 99%), butyl methacrylate (Aldrich, 99%), benzyl 
methacrylate (Aldrich, 96%),    2-ethylhexyl methacrylate (Aldrich, 98%),     4,4’-azobis(4-
cyanovaleric acid) (Aldrich, ≥98%) and potassium persulfate (Aldrich, 99.99%) and sodium 
dodecyl sulfate (MP Biomedicals, LLC) were used as received. 
 
Synthetic process for the preparation of PMMA macromonomer by CCTP in emulsion. 
For a standard CCTP in emulsion, bis[(difluoroboryl) dimethylglyoximato]cobalt(II) (CoBF, 7.5 
mg) and a stirring bar were charged into a 100 mL round bottom flask.  Nitrogen was purged 
in the flask for at least 1h. Subsequently, MMA (20 mL, 18.72 g, 186.98 mmol) previously 
deoxygenated for at least 30 min was added to the flask via a deoxygenated syringe. The 
mixture was stirred under nitrogen atmosphere until total dissolution of the solid. Meanwhile, 
4,4’-azobis(4-cyanovaleric acid) (CVA, 0.5 g, 1.7839 mmol), sodium dodecyl sulfate (SDS, 0.3 
g, 1.0403 mmol) and 130 mL of deionized water were charged into a three-neck, 500mL 
double jacketed reactor, equipped with a RTD thermometer and an overhead stirrer. The 
mixture was bubbled with nitrogen and stirred at 325 rpm for at least 30 min. Subsequently, 
the mixture was heated under inert atmosphere. When the temperature of the mixture reached 
70 °C, the addition of the MMA-CoBF solution started by the use of a deoxygenated syringe 
and a syringe pump (feeding rate = 0.666 mL/min, feeding time = 30 min). After the end of the 
addition, stirring continued for another 30 min under the same temperature and stirring rate. 
Then, the temperature settings were adjusted to 107 °C in order to achieve a temperature 
higher than 80 °C in the mixture. Stirring continued for 60 min at 325 rpm. The number average 
molecular weight of the macromonomer was calculated by analyzing the 1H NMR spectra. 
General process for the application of methacrylic macromonomers as CTA agents in 
Free-Radical polymerization of methacrylic monomers in emulsion. The amount of 
monomer to be subsequently added to the methacrylic macromonomer was calculated 
according to the targeted DP. For each addition, the volume of aqueous KPS solution added 
was equal to that of monomer. The reactions were stopped and the latexes were diluted with 
water, when solid content reached values above which coagulation was considered likely to 
occur. After every dilution, the solid content was measured (in g mL-1) by gravimetry and the 
value was taken into account for calculating the amounts of monomer, initiator and water of 
the next addition. 
 
SEC. SEC analysis was performed on an Agilent 1260 SEC-MDS. The detectors included 
differential refractive index (DRI), light scattering (LS) and viscometry (VS). The columns were 
2 x PLgel 5 mm mixed-D (300 x 7.5 mm), 1 x PLgel 5 mm guard column (50 x 7.5  mm). The 
instrument was equipped with an autosampler. Narrow linear poly(methyl methacrylate) 
standards of molecular weights between 200-1.0 x 106 g mol-1 were used to calibrate the 
system between 960 and 1,568,000 g mol-1. All samples were passed through 0.45 μm PTFE 
filter in order to remove any residual catalyst. The mobile phase was chloroform with 2% 
triethylamine at a flow rate of 1.0 ml/min. SEC data was analyzed by the use of Cirrus v3.3 
software. 
 
MALDI-time of flight mass spectrometry (MALDI-ToF-MS). Matrix assisted laser 
desorption ionization mass spectrometry was conducted by the use of a Bruker Daltonics Ultra 
flex II MALDI-ToF-MS mass spectrometer, equipped with a nitrogen laser delivering 2 ns laser 
pulses at 337 nm with positive ion ToF detection performed using an accelerating voltage of 
25 kV. Solutions were prepared as follows: trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-
propenylidene]malononitrile (DCTB) as matrix (20 mg/mL), sodium iodide as cationization 
agent (6 mg/mL) in tetrahydrofuran (20 μl) and sample (1, 5, 10 mg/mL) were mixed, and 0.5 
μL of the mixture was applied on the target plate. Spectra recording was made in linear mode 
calibrating PEG-Me 1,900 Da. 
1H NMR. 1H NMR spectra were recorded on Bruker DPX-300 spectrometer using a mixture of 
deuterated solvents (chloroform/acetone=3/2) for the latex samples and deuterated 
chloroform for the dry samples. Deuterated solvents were obtained from Aldrich. Chemical 
shifts are given in ppm downfield from the internal standard tetramethylsilane.  
 
DLS. DLS measurements were performed on a Malvern instrument Zetasizer Nano Series 
instrument. The detection angle was 173°. The intensity weighted mean hydrodynamic size 
(Z-average) and the width of particle size distribution (PSD) were obtained by analyzing the 
autocorrelation function. 1μL of latex was diluted with 1 mL of deionized water previously 
filtered with 0.20 μm membrane to remove any dust or other particulates. A minimum of 3 
measurements were performed for each sample at 25 °C with an equilibrating time of 2 min 
before staring measurement. 
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